In recent years, the increased incidence of natural disasters with irreparable damage to people has led to various efforts to reduce its destructive effects and consequences. Hence, humanitarian aid logistics are aimed at preserving life and reducing the suffering of people in crises. Facility location is a strategic issue in humanitarian logistics and has a planning role before the crisis. Finding the right place for establishment of the facilities can help relieve the disaster. This research is also based on the principles of non-operational defense and the design of a multi-objective mathematical model for seeking a suitable location for the facility. In this mathematical model based on four population density indexes, user appropriateness, access to the road and enclosure of the appropriate location for the establishment of a hospital, temporary care centers, shelters and warehouses is selected. The designed model is solved using Lexicographic method and via GAMS software.
Introduction
In recent years, natural disasters and even man-made disasters have risen sharply. This has caused devastating effects and damages (Kunz & Reiner, 2012; Broz et al., 2018) . The increase in the incidences of catastrophes and the harmful and financial damages consequences will require a great deal of planning to deal with such incidents. Providing rescue and reconstruction of accident sites is one of the most important post-disaster actions that can restore hope and calm for the injured residents (Jafar Nejad et al., 2014) . Operations and related actions aimed at preserving life and reducing people's suffering in crises are known as humanitarian operations. This operation involves the provision of materials and technical assistance, along with the provision of essential services under critical circumstances (Cozzolino, 2012) . The ability of different communities to face these situations is different and is limited or reinforced by the resources, and planning of the countries. Humanitarian operations maintain a temporary nature and aim at re-establishing the self-sufficiency of affected communities (Sphere, 2004) . Efforts to rescue and aid, at the time of the disaster, can reduce the damage and provide aid services to the survivors to reduce the suffering of the injured people (Esmaeili & Barzinpour, 2014) . The most important efforts at this time would be to transfer the injured to temporary hospitals and clinics, to evacuate affected people and to transfer them to safe havens. These efforts are heavily influenced by the location of facilities in aid logistics (Kawasaki et al., 2013) .
Humanitarian logistics operations can be divided into two general categories of operations before and after the crisis. Pre-crisis operations include two types of activities. The first category is the activities that play the role of strategic planning. These activities include facility locating and inventory prepositioning. The second category is activities that play the role of crisis reduction. Defense and evacuation activities fall into this category. Post-crisis operations which start after the occurrence of the crisis, also include two categories of actions. The first category is activities that began shortly after the crisis and have a short-term nature, such as the distribution of aid supplies to the injured, the distribution of medical items to hospitals, the evacuation of refugees, the transfer and treatment of the injured. The second category is activities such as improving, rebuilding, and dealing with simultaneous crises, which are started a few days after the crisis and has a long-term nature (Cozzolino, 2012) .
As noted, many aid actions are affected by locating the facilities. Therefore, this research also focuses on the locating of the facilities that play the role of strategic planning in pre-crisis activities. This also intends to provide suitable accommodation for facilities such as a hospital, outpatient clinics, police centers, distribution depots and temporary shelters, taking into account the principles of defense and using mathematical modeling.
Theoretical Foundations

Humanitarian supply chain management
Humanitarian aid, during and after the disasters, is aimed for preserving people's lives, alleviating human suffering and maintaining human dignity. Carrying out the humanitarian actions can enhance the aid power after a disaster. Meanwhile, what succeeds in humanitarian actions, is humanitarian supply chain management. The humanitarian chain management refers to planning, implementation and controlling the effectiveness of the flow and storage of goods and materials, as well as related information from point of origin to point of consumption, to reduce the suffering of the affected people. Various stages have been taken to address the humanitarian supply chain management, four main stages of human resource management which are in the most accepted view are defined as followings (Cozzolino, 2012; Van Wassenhove, 2006; Schulz & Blecken, 2010; Oloruntoba & Gray, 2006) : -Prevention: This stage includes rules and mechanisms that can reduce vulnerability. This usually involves the responsibility of governments. -Preparation: refers to a variety of operations that take place before a disaster occurs. This stage involves steps that will make successful operations in the response. Facility locating is one of the important issues to be addressed at this stage. -Response: A set of actions that start immediately after the crisis. At this stage, in collaboration with all actors, it is seeking immediate response to the damage caused. -Reconstruction: This phase includes post-incident operations and includes rehabilitation and aims to address long-term problems.
Facility locating
Locating is a systematic activity, which is based on appropriate indicators and the best choice for a center, unit or service is suggested (Hooshiyar, 2010; Nidhi & Pillai, 2017) . Locating studies have been considered as one of the key elements in the success and survival of industrial, public and service centers (Hooshiyar, 2010) , which can have economic effects on the performance of an industrial or service unit; social, environmental, cultural and economic impacts on the surrounding environment (Hall, 2012) . In the humanitarian supply chain facilities locating models, the goal is to locate shelters, tents, distribution centers and aid supplies. Locational models can be used in conjunction with evacuation or pre-positioning locations.
Passive defense
Along with the increase in population and the creation of urban organizations, the issue of safety and defense have become more important. According to Jalali Farahani, (2011), the issue of defending has become more important in most cities, with more residents and the creation of urban organizations, more invasion has occurred, which has led to the deaths of millions. These cases define necessity to stringent principles and rules to make cities more secure against invasions. One of these principles is passive defense, which refers to all actions and measures that reduce the vulnerability of casualties and increase sustainability without using weapons. High concentration of population in cities increases the risk of urban dangers and crises. In this regard, passive defense is trying to provide the proper pattern of land allocation to the needs of the cities and their proper location in the city body in order to ensure the well-being and comfort of townspeople and the safety of the cities. Passive defense emphasizes that locating the facilities can minimize future risks. Based on this, it suggests that locating should be based on three principles of safety, adaptability and efficiency:
-Principle of safety: Based on this principle, the facility location should be safe from the risk of a crisis. For example, for safety reasons, the hospital's location should be safe and no dangerous should exist for the hospitals. Establishing a hospital can keep this distance away from hazardous centers such as industrial centers and not-confining (Hosseini et al., 2013 ). -Compatibility principle: Compatibility means consistency, coordination and non-disturbance between two types of urban users. Users that fall into the sphere of influence must be in harmony with each other in terms of the similarity of activity, and they do not interfere with other activities (Ghaffari, 1998). -Performance principle: The functionality of a user, it means that it's the right user. One of the important factors that increase the efficiency of a hospital or relief center during a crisis is to provide service to the injured in the shortest possible time (Hosseini et al., 2013) .
This research seeks to apply the principles of passive defense in locating facilities in the humanitarian supply chain. In fact, this article seeks to find the right place for the hospital and outpatient clinics to have the most effective and maximum safety in the crisis and to be compatible with the rest of the user.
Literature Review
Facility locating models in the humanitarian supply chain are commonly considered simultaneously with pre-positioning inventory models and discharging or distributing the aid. The only absolute location models that decide on the construction or selection of facilities is provided by Dessouky et al. (2006) and Jia et al. (2007) . These models consider the maximum coverage location with quantitative and quality limitations of coverage. Chen et al. (2006) presented an uncertainty model to minimize dissatisfaction for locating a strategic facility. Jia et al. (2007) proposed a unidirectional facility for locating uncertain facilities that would select the appropriate location for the location of emergency service facilities such as fire stations or sources including ambulances in an emergency. Balcik and Beamon (2008) presented a predetermined aid product locating model to determine the number, location and capacity of distribution centers in sudden disasters. In this model, they considered budget constraints before and after the crisis. Rawls and Turnquist (2011) presented a mixed planning model of a two-stage probabilistic integer, in which the model is decided on the location of the facility and the level of inventory for aid supplies. In this model, the amount of demand, the remaining amount of available inventory and the position of the transportation network are determined in the form of uncertainty. Jones (2011) focused on locating facilities before the disaster. He has provided the right place for facilities, taking into account the facility distance to the points of damage and the possibility of a failure of the facility. Naji-Azimi et al.
(2012) presented a locating model in which appropriate distribution centers were selected from a number of potential points and people came to these places to receive aid items. The need for these distribution centers has also been resolved by a supplier. To solve this model, an innovative local search algorithm has been modified. Rawls and Turnquist (2012) presented a dynamic locational model for responding to short-term demand under uncertainty. In this model, the goal is to increase the satisfactory demand, taking into account reliability. Akgün et al. (2014) looked to find the appropriate location for facilities in such a way that the risk of non-coverage of demand is minimized. Zhang et al. (2006) proposed a reliable location-based model of risk taking into account the disturbance in the chain. In their research, the probability of failure of the facility is considered, and in the event of a malfunctioning of the facility assigned to one point at a level, another facilitator will be allocated at the next level, and if all facilities allocated to a point of injury, the fee is considered to be fine. Campbell and Jones et al. (2011) presented a multi-objective programming model for locating and assigning three-level fuzzy states and then solving them using a genetic algorithm.
Modelling
As mentioned, in this research, the goal is to determine the appropriate location for facilities, taking into account the passive defense principles. In fact, suitable locations for aid hospitals and outpatient clinics are selected based on the following indicators:
Population density: shows the average population of a region (region, sector) to the total area of the region (region, sector), which plays an important role in determining the service providers. Accordingly, in urban areas with high population density, it is more likely to be vulnerable than other areas (Hosseini et al., 2013) . Therefore, in this research, the priority of creating health centers is close to those areas that are more densely populated. Applicability: Use of health centers (hospitals and outpatient clinics) should not be in conflict with the other uses. In fact, health centers should be built where the use of it is not in conflict with the use of area Accordingly, the matrix of compatibility of the user in terms of compatibility can be: a) completely incompatible; b) relatively compatible; c) indifferent; d) compatible; e) is fully compatible. After identifying different uses of different regions of Boushehr, the extent of user proportionality of different regions with the user to create the treatment areas is as follows. Then, for each urban area, the user-friendliness index for that area is calculated for the area with the above-mentioned compatibility. Access to the way: Health centers should be built in a place that has access to the way. If the health centers are built in areas where the hierarchy of communication networks is not met and the width of the roads in that area is low, a high severity of the crisis will result in the loss of the efficiency of the communication networks. In this research, we have used the width of the road to express road access. Accordingly, for each area, the access ways to the road is calculated in terms of access to more widespread roads. Enclosure: One of the important issues that can help to relieve the injured is the blocking of roads. At the time of the crisis, the need to evacuate the injured and to provide aid in the shortest possible time is presented, and this is most often done through intercity roads, interstate streets and suburbs. If one of these passes closes, the aid time will multiply. In the case of this index, we assume that low-lying buildings with a higher tread width (lower degree of enclosure) are more maneuverable, since the volume of rubble in those tracks is less. Also, buildings with higher altitudes are more likely to be degraded and more vulnerable. Accordingly, the degree of enclosure of each damage point is calculated based on the number of floor of buildings in that area. After describing the key indicators for locating the health facility, the dimensions of the model are described: Assumptions 1. The earthquake does not occur in discrete areas/locations, but in this research, each earthquake area has a section or cluster of earthquake that includes a large number of houses and buildings that are affected. But instead of considering each of them as an earthquake area, that complicates the problem, we divide it into several sections. 2. The degree of population density, user appropriateness, degree of confinement, level of access, and the degree of neighborhood of each area can be measured and varied. 3. Hospital centers and aid stations are located in damaged areas in such a way that they can directly serve some of the injuries that are predetermined. 4. The centers of the main warehouses directly supply the goods and materials to the affected people, where the places are not predefined. 5. Shelters are safe areas where some of the injured are transferred to it, and its location is not preset. 6. The distance between the facilities is clear. The designed model has three types of minimization. The first objective function states that hospital centers should be located in areas that are close to those areas where user appropriateness, population density, and access are more distant, and are more distant from areas of greater confinement (function 1). Outpatient centers are also selected on this basis (function 2). Temporary shelters should also be constructed at points where the total distance from damage points is minimized. In addition, warehouses should also be constructed in places where the total distance from shelters, hospitals and outpatient clinics can be minimized (function 3). The fourth limitation is the existence of balance flow in the outpatient treatment centers. Fifth limitation represents the percentage of population in each region that should be treated in a hospital or outpatient treatment center. The sixth limit represents the percentage of the population of each region that must be transferred to the shelter and do not need treatment. The seventh limitation represents the maximum capacity of any outpatient treatment. The eighth limitation represents the maximum capacity of each shelter. The minimum requirements for each shelter, the maximum capacity of the warehouses and the volume of the flow of items required from shelves to the shelter are expressed by the 9th to 11th limits. The maximum capacity of each hospital for accepting injured people and items required from warehouses to outpatient clinics and hospitals is specified by the 12th and 13th limits. The injured person can be transferred from the health center k to the hospital h, which was established by the hospital (limitation 14). The wounded person is transmitted from the injury point to the health center k where that area is established (limitation 15). The wounded person is transmitted from the injury point to the hospital h, when the hospital was established (limitation 16). Persons will be transferred from the point of injury to the Shelter S when that shelter has been established (limitation 17). The goods are transferred from the warehouse w to the shelter s when that shelter was created (limitation 18). The goods will be transferred from the warehouse w to the hospital h when that hospital is established (limitation 19). The goods are transferred from the storehouse w to the health center k when the treatment center is established (limitation 20). Limits 21 to 24 indicate the number of relief centers, hospitals, warehouses and shelters to be constructed, respectively. 
The model indices
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Results
To solve the above model, a lexicographic method has been used. In this method, each objective is firstly determined in order of importance in decision making, and then the optimal answer for several single-objective problems is calculated sequentially, in which the optimal solution of the i To solve this problem, the following steps are done by the lexicography method:
